Abstract Prenatal stress has been associated with increased vulnerability to psychiatric disturbances including schizophrenia, depression, attention-deficit hyperactivity disorder and autism. Elevated maternal circulating stress hormones alter development of neural circuits in the fetal brain and cause long-term changes in behaviour. The aim of the present study was to investigate whether mild prenatal stress increases the vulnerability of dopamine neurons in adulthood. A low dose of 6-hydroxydopamine (6-OHDA, 5 µg/4 µl saline) was unilaterally infused into the medial forebrain bundle of nerve fibres in the rat brain in order to create a partial lesion of dopamine neurons which was sufficient to cause subtle behavioural deficits associated with early onset of Parkinson's disease without complete destruction of dopamine neurons. Voluntary exercise appeared to have a neuroprotective effect resulting in an improvement in motor control and decreased asymmetry in the use of left and right forelimbs to explore a novel environment as well as decreased asymmetry of tyrosine hydroxylase-positive cells in the substantia nigra pars compacta and decreased dopamine cell loss in 6-OHDAlesioned rats. Prenatal stress appeared to enhance the toxic effect of 6-OHDA possibly by reducing the compensatory adaptations to exercise.
and autism (Kinney 2001; Weinstock 2001; Khashan et al. 2008; Weinstock 2008; Kinney et al. 2008) . There is increasing evidence to suggest that prenatal stress may have long-term effects on brain structure and function (Van den Hove et al. 2006) . Excess circulating maternal stress hormones can alter the programming of fetal neurons and interfere with development of the nervous system (Kinney et al. 2008) . Together with genetic factors, the nature of the postnatal environment, the quality of maternal attention, and stress experienced in utero can determine the behaviour of offspring (Weinstock 2008) . Vulnerability to prenatal stress increases towards the third trimester of pregnancy when the placental barrier becomes less active and the fetus is exposed to maternal stress hormones (Kinney et al. 2008) . Maternal anxiety in late pregnancy has been shown to produce anxiety-like behaviour as well as alterations in plasma cortisol in the offspring, reflecting altered regulation of the hypothalamicpituitary-adrenal (HPA) axis (O'Connor et al. 2005; Weinstock 2008 ). Similar changes in HPA axis activity and behaviour have been induced by prenatal stress in laboratory rodents and non-human primates (Mabandla et al. 2008; Weinstock 2008) . The nature of such changes depends on the timing of the maternal stress, its intensity and duration, as well as the gender of the offspring (Weinstock 2008) .
The present study set out to investigate whether mild prenatal stress increases the vulnerability of dopamine neurons to toxic insult in adulthood. The prenatal stress model used in this study has been described previously (Mabandla et al. 2008 ). An established rodent model for Parkinson's disease was used to assess vulnerability of dopamine neurons (Mabandla et al. 2004; Ungerstedt 1971) . Previous studies have mainly used large doses of the neurotoxin, 6-hydroxydopamine (6-OHDA), that cause almost complete loss of substantia nigra pars compacta dopamine neurons which is comparable to end stage Parkinson's disease (Henderson et al 2003; Emborg 2004; Mabandla et al. 2004; Howells et al. 2005) . However, in order to mimic preclinical Parkinson's disease, much lower doses of 6-OHDA were used in order to create a partial lesion which is sufficient to cause subtle behavioural deficits associated with early onset of Parkinson's disease but not total loss of dopamine neurons (Truong et al. 2006) . Adult offspring of maternally stressed rats were subjected to unilateral infusion of 6-OHDA into the medial forebrain bundle of nerve fibers two weeks prior to behavioural assessment of ability to initiate movement and forelimb asymmetry as well as determination of dopamine neuron survival. Since previous studies have shown that the toxic effects of 6-OHDA can be partially prevented by voluntary exercise (Mabandla et al. 2004; Howells et al. 2005) , prenatally stressed and control rats were allowed to exercise voluntarily for 1 week prior to, and for two weeks following infusion of the toxin in order to determine whether adverse effects of prenatal stress could be reversed by exercise.
Method

Animals
Forty-eight adult Sprague Dawley rats (24 female and 24 male) were housed under standard laboratory conditions with a 12-h (06h00-18h00) light/dark cycle and free access to commercial pellet food and tap water.
Female rats were housed together (four per cage) for eight weeks to synchronise their ovarian cycles. They were then placed in individual cages and vaginal smears were taken daily for 4 days to monitor their oestrous cycle. A rat's ovarian cycle is normally 4-5 days long and is divided into proestrus, oestrus, and dioestrus which is a 48-h period divided into dioestrus 1 and dioestrus 2 (Marcondes et al. 2002) . Ovulation occurs from the commencement of proestrus to the end of oestrus (Marcondes et al. 2002) . On the day of proestrous, a male, randomly selected, was placed in a proestrus female's cage. Since the neonatal HPA axis is functional in the last week of gestation, the pregnant dams were subjected to mild stress during the last week of gestation i.e. from gestational day 14 to 19, as described previously (Mabandla et al. 2008) . The presence of vaginal plugs was used to determine the exact day of conception. The males were immediately removed from the breeding cage and this was called gestational day 0 (GND0).
Prenatal stress protocol
On GND14, the female rats were divided into two groups, non-stressed rats (n=18) and mildly stressed rats (n=18). At 9 am, the mildly stressed rats were taken to a room where the 12 h light/dark cycle was shifted by 7 h. On GND15 the reversed light/dark cycle was maintained. At 9 am on GND16 the light/dark cycle was changed back to the original 6 am to 6 pm cycle. On GND17, food was removed from the cages for a period of 24 h. On GND18, the rats received multiple stressors: they were placed in clean cages for a period of 5 min and then returned to their home cage for 5 min. Next, they were handled for 5 min and then placed in a cage in which the floor was covered with wire mesh for 5 min after which they were returned to their home cages.
Postnatal handling
On postnatal day 2 (P2), the pups were sexed and litters culled to eight males. Stress during gestation affects not only the foetus but also produces long-lasting effects on the emotional reactivity of the dam (Darnaudéry et al. 2004) . It was therefore decided to cross-foster the pups of the stressed dams onto non-stressed dams, in order to ensure that any effects measured were due to prenatal stress only. The stressed dams were removed from the study. The pups of the non-stressed dams were cross-fostered onto different control dams to ensure an appropriate control. Only pups from the same litter were "cross-fostered" onto a dam. These dams and "crossfostered" pups were housed under normal conditions. Litters were kept with foster mothers until they were weaned at P21, after which the pups were housed 4 per cage and received food and water ad libitum.
Exercise
On P47, the rats housed 4 per cage were moved to a room with a 23h00-11h00 light/ dark cycle. On P53, 18 prenatally stressed rats and 18 non-stressed rats were weighed and divided into two groups each. Nine prenatally stressed rats and 9 nonstressed rats were placed in individual cages that had running wheels attached. The remaining rats, nine in each group, were placed individually in plexiglass cages. The rats received food and water ad libitum. The running wheels were fitted with counters which measured the revolutions made by the rats. One complete revolution was one meter in distance. Running in the wheels was recorded daily between 10h00 and 11h00 which was 1 h before the dark cycle began. On P60, the rats in the four groups were weighed and taken to the laboratory where they were to undergo stereotaxic surgery.
Stereotaxic surgery
As 6-OHDA is also toxic to norepinephrine neurons, a norepinephrine transporter blocker, desipramine (15 mg/kg, Sigma, U.S.A), was injected intraperitoneally 30 min before 6-OHDA infusion. The rats were anaesthetised using a mixture of oxygen and halothane administered via a calibrated Blease Vaporiser (DATUM). After exposing the skull, a burr-hole was constructed above the target area (see coordinates below). Both prenatally stressed and non-stressed rats received 6-OHDA HCl (5 µg/4 µl saline; Sigma, U.S.A) infusion unilaterally (0.5 µl/min) using a 32G dental needle into the left medial forebrain bundle (4.7 mm anterior to lambda, 1.6 mm lateral to midline and 8.4 mm ventral to dura, Paxinos and Watson 1986; Guan et al 2000) . The infusion needle was left in the medial forebrain bundle for 1 min before infusion began. After the infusion, the needle was left in position for a further 5 min so as to allow time for the neurotoxin to diffuse into the tissue. The needle was then retracted and the burr-hole closed with bone wax. After suturing the wound, the rats were allowed to recover in plexiglass cages (one rat per cage) for 2 h in the surgical laboratory before they were returned to their respective cages. The number of revolutions produced by the rats in the cages with attached running wheels was recorded daily for a further two weeks following surgery.
Behavioural tests
On P74, the rats were weighed and taken to a behavioural room at least one hour before testing so as to acclimatize to the new environment. Tests to be conducted included the forelimb akinesia test (step test), the limb use asymmetry test (cylinder test) and the open field test. The light in the behavioural room had an intensity of 48 lux. The equipment used in the tests was cleaned with 70% alcohol between tests.
Step test
The step test was designed to measure movement initiation and thus provided a measure of forelimb impairment which indirectly reflected the extent of the lesion of nigrostriatal dopamine neurons in each hemisphere (Schallert and Tillerson 2000) . The rat was held by the torso such that the hind limbs were in mid air and the weight of the rat centred over one forelimb (Tillerson et al 2001) . To minimize head turning, the head and the forelimb that was not being tested were gently oriented forward by means of the thumb and index finger (Schallert and Woodlee 2005) . The length of the step taken by each forelimb was measured. Each forelimb was tested three times and the mean was recorded as the step length for each limb.
Cylinder test
Each rat was placed in a plexiglass cylinder, 30 cm high by 20 cm in diameter with the bottom and top end open. A video camera was used to record the number of times the rat's forelimbs touched the cylinder wall while still standing on its hindlimbs. Each test lasted 5 min which allowed sufficient time to assess forelimb use while exploring the cylinder before the rats habituated to the environment and became inactive. Limb use asymmetry was scored as the percentage preferential placement of the left unimpaired forelimb on the wall of the cylinder (Tillerson et al 2001; Schallert and Woodlee 2005) , calculated as
where ipsi stands for the limb ipsilateral to the lesioned hemisphere which is the unimpaired limb and contra (contralateral limb) is the limb contralateral to the lesioned hemisphere and therefore the impaired limb. After the test, the rats were returned to their cages in the holding room where they remained for 2 h before being tested in the open field apparatus.
Open field test
The open field apparatus was used to measure the activity of the rats in a novel environment (Colorado et al. 2006 ) which includes locomotor activity (line crossing), exploration (rearing) and fear and anxiety (centre square entries, McFadyen-Leussis et al. 2004 ). The open field activity box measured 1 m×1 m×0.5 m with charcoal grey fibreglass flooring and the four lateral sides painted cream. The inner zone measured 0.7 m×0.7 m. Each rat was tested for a period of 5 min. To aid with the analysis, a video camera was used to record behavioural activity. Following the tests, the rats were returned to the animal facility. On P75 the rats were sacrificed by transcardial perfusion and the brains removed for tyrosine hydroxylase immunohistochemistry.
Transcardial perfusion
The rats were deeply anaesthetized and perfused with 0.15 M Phosphate Buffered Saline (PBS, 150 ml) followed by 4% parafomaldehyde (MERCK, Germany, 300 ml) until the animal became rigid. The skull was removed and the brain scooped from the calverium. The brains were post fixed in 4% paraformaldehyde for 24 h and then cryoprotected in 20% sucrose for 48 h after which the brains were stored in a −80°C freezer for tyrosine hydroxylase immunohistochemistry.
Tyrosine hydroxylase immunohistochemistry
Sixty micron (µm) sections were cut antero-posterially until the striatum was visible. A metal prong (1 mm in diameter) was driven through the striatum to the back of the right hemisphere (non-lesioned hemisphere). The hole was used as a marker to differentiate the two hemispheres after immunohistochemistry. The brain was sliced coronally and striatal and substantia nigra tissue was collected in the −20°C environment of the cryostat machine.
The slices were washed in PBS (0.15 M, pH 7.6) and then incubated for 15 min in 3% hydrogen peroxide to quench endogenous peroxidase activity. Following quenching, the slices were washed several times in PBS and then incubated for 1 h in blocking solution containing PBS, normal horse serum (Vectastain) and Triton-X. Following the blocking step, the slices were incubated in primary monoclonal anti-tyrosine hydroxylase mouse antibody (Sigma, U.S.A) at 1:16000 dilution. The slices were kept at 4°C for 2 days. The slices were washed in PBS and then incubated in biotinylated secondary antibody (Vectastain) for 90 min. After washing with PBS, the slices were incubated for 90 min in Vectastain PK-6102, Mouse IgG ABC reagent (Vectastain) prepared 90 min before use. The slices were washed and then incubated with diaminobenzidine tetrahydrochloride (DAB) in Tris buffer (pH 7.2, Sigma, USA) at room temperature for 10 min or until staining appeared. The slices were washed 6 times with distilled water and then mounted onto gelatinized glass slides (10 g commercial gelatine in 500 ml distilled water).
The slides were placed in glass slide holders, dehydrated in increasing concentrations of ethanol (96-100%) for 1 min in each concentration. The slides were cleared in xylol for 2 min and then cover slips were placed over the slices using Entellan (MERCK, Germany).
The tyrosine hydroxylase positive dopamine neurons in the substantia nigra of both hemispheres were counted using a Nikon Microphot-fx microscope (10× magnification). Only complete dopamine neurons with stained cell bodies, dendrites and axons were counted.
Statistical analysis
Repeated measures analysis of variation (ANOVA) was used to compare daily distance travelled in the running wheels by prenatally stressed and non-stressed rats. A paired t-test was used to compare left and right forelimb step length. Two-way factorial ANOVA was performed on the behavioural and tyrosine hydroxylase data with "stress" and "exercise" as between rat factors. Significant main effects or interaction were followed by Tukey HSD test for multiple comparisons of mean values. Results are reported as mean ± standard error of the mean (SEM).
Results
Locomotor activity
There was no significant difference between the mean distance travelled by the prenatally-stressed rats and the non-stressed rats that were housed in cages with attached running wheels (Fig. 1) . The mean number of revolutions of the running wheels increased steadily from day 1 to day 7 in the cages with attached running wheels. Following stereotaxic surgery (Day 7), there was a dramatic decrease in the mean distance travelled by the rats on day 8. Both the non-stressed rats and the prenatally-stressed rats regained pre-lesion levels of activity in the running wheels 3 days later (Day 10).
Rat weights
There was no significant difference between the weights of prenatally stressed rats and non-stressed rats at any stage of the study.
The step taken by the impaired (right) forelimb whose motor function is controlled by the lesioned hemisphere was significantly longer than the step taken by the unimpaired (left) forelimb that is controlled by the non-lesioned hemisphere in all rats (Fig. 2, P<0 .0001). Prenatal stress and exercise did not affect the step length of the left (unimpaired) forelimb. However, exercise significantly reduced the step length of the right (impaired) forelimb (Fig. 2, P<0 .0001) while prenatal stress significantly increased the right forelimb step length (P<0.01). This effect was mainly due to prenatal stress reducing the beneficial effect of exercise, as indicated by the significant interaction between stress and exercise (Fig. 2, P<0 .005). Post-hoc analysis revealed that both stressed and non-stressed exercised rats differed from all other groups (P<0.005). The step taken by the impaired forelimb (right) of both the prenatally stressed and non-stressed runners was significantly shorter than the step taken by the non-runners. The step taken by the impaired forelimb (right) of the prenatally stressed runners was significantly longer than the step taken by the impaired limb of the non-stressed runners (Fig. 2) .
Cylinder test
Wall touch
Exercise significantly reduced the percentage use of the unimpaired forelimb (Fig. 3 , P< 0.005). There was an overall tendency for prenatal stress to increase use of the unimpaired forelimb but this was not significant (P=0.078). Non-stressed runners used the unimpaired forelimb significantly less than the non-stressed non-runners (P<0.005) for placement on the wall of the cylinder. Prenatal stress appeared to reduce the beneficial effect of exercise, since prenatally stressed runners used their unimpaired forelimb significantly more frequently than non-stressed runners (Fig. 3, P<0 .05). by the prenatally stressed rats was significantly less than the distance covered by the non-stressed rats (Fig. 4, P<0 .05).
Open field test
Entries into the inner zone of the open field Exercise significantly increased the number of entries into the inner zone of the open field while prenatal stress significantly reduced the number of entries (Fig. 5, P<0 .05).
Rearing in the open field There was no significant effect of prenatal stress or exercise on the number of times the rats reared during the 5-min test in the open field (Table 1) Tyrosine hydroxylase immunohistochemistry Dopamine neuron destruction in the lesioned hemisphere was calculated as a percentage of the number of tyrosine hyroxylase positive cells in the non-lesioned hemisphere. Exercise significantly reduced dopamine neuron destruction in prenatally stressed and non-stressed rats (Fig. 6, P<0 .0001) while prenatal stress significantly enhanced the toxic effect of 6-OHDA in both exercised and non-exercised rats (P<0.005).
The actual number of completely stained tyrosine hydroxylase-positive cells observed in 60 μm sections of rat midbrain was significantly lower in the left (lesioned) substantia nigra pars compacta of prenatally stressed non-runners than in non-stressed non-runners or stressed runners (Table 2, P<0.0005). Exercise decreased the dopamine cell count in the right (non-lesioned) substantia nigra pars compacta of non-stressed runners, thereby decreasing the left-right forelimb asymmetry and stress prevented this compensatory adaptation from occurring ( Table 2 ). The dopamine cell count in the non-lesioned substantia nigra pars compacta of prenatally stressed runners was not significantly different from nonrunners. 
Discussion
The present findings provide further evidence to support the suggestion (Mabandla et al. 2004; Howells et al. 2005 ) that voluntary exercise has a neuroprotective effect, in that exercise reduced the vulnerability of dopamine neurons to the neurotoxic effects of 6-OHDA infusion into the medial forebrain bundle of nerve fibres in the rat brain. The beneficial effects of exercise were seen as an improvement in motor control i.e. earlier initiation of movement in the step test and decreased asymmetry in the use of left and right forelimbs to explore the novel environment in the cylinder test. Adult offspring of prenatally stressed dams also displayed the beneficial effects of exercise but to a lesser extent. Prenatal stress significantly enhanced the toxic effect of 6-OHDA administered in adulthood.
Prenatally stressed rats and non-stressed rats did not differ in terms of body weight or amount of exercise. There was no difference between the mean daily distance covered by non-stressed runners and stressed runners. The daily distance increased steadily from day 1 to day 7 the day of the lesion. Following the decrease in mean revolutions of the wheels after unilateral 6-OHDA infusion, both the nonstressed and the stressed runners took 3 days to reach pre-lesion running distances and ran at similar mean daily distances until day 21 of exercise.
In the step test, exercise reduced the step length of the impaired forelimb towards the normal step length of the non-lesioned forelimb. The mean step length taken by both non-stressed and stressed runners was significantly shorter than the mean step Results are mean ± SEM (N=9) length taken by the non-runners. Prenatal stress significantly increased the right forelimb step length in rats that were allowed to exercise voluntarily, suggesting that prenatal stress is capable of reducing the beneficial effect of exercise. The step test is used to model movement initiation involving weight shifts in animal models of Parkinson's disease and is sensitive to partial dopamine neuron degeneration Runners Non-runners % Dopamine destruction Fig. 6 Percentage loss of dopamine neurons in the lesioned hemisphere expressed as a percentage of the non-lesioned hemisphere of prenatally stressed and non-stressed rats, half of whom were allowed to exercise in running wheels. A two-way ANOVA revealed significant effects of stress (F(1,32)=12.1, P<0.005) and exercise (F(1,32)=49, P<0.0001). Post-hoc Tukey HSD test revealed that both non-stressed runners and stressed runners had suffered significantly less destruction of dopamine neurons than the corresponding non-runners (P<0.0005). *Significantly different from corresponding non-runners (Tukey HSD test, P<0.0005) Two-way ANOVA of dopamine cell count in the left (lesioned) substantia nigra pars compacta of prenatally stressed and non-stressed rats revealed a significant effect of exercise (F(1,32)=29.4, P< 0.0001) and a significant interaction between prenatal stress and exercise (F(1,32)=13.1, P<0.001). Posthoc Tukey HSD test revealed significant difference between dopamine cell count in the left (lesioned) substantia nigra pars compacta of stressed runners and stressed non-runners (P<0.0005). Stressed nonrunner dopamine cell counts in the left (lesioned) substantia nigra were lower than non-stressed nonrunners (P<0.05). Two-way ANOVA of dopamine cell count in the right (non-lesioned) substantia nigra pars compacta of prenatally stressed and non-stressed rats revealed significant effects of stress (F(1,32)= 23.7, P<0.0001) and exercise (F(1,32)=25.0, P<0.0001) and a significant interaction between stress and exercise (F(1,32)=14.9, P<0.001). Results are mean ± SEM (n=9) a Significantly lower than other lesioned substantia nigra TH-positive cell counts (Tukey HSD post-hoc test, P<0.05) b Significantly lower than other non-lesioned substantia nigra TH-positive cell counts (Tukey HSD posthoc test, P<0.0005) (Schallert and Tillerson 2000) . The step test assesses the capacity to regain postural stability and center of gravity when rapid weight shifts are imposed (Schallert and Tillerson 2000) . Studies have shown that 6-OHDA lesioned animals tend to drag or brace the impaired limb rather than make catch up steps (Schallert and Tillerson 2000; Olsson et al. 1995; Lindner et al. 1995) and injection of direct dopamine agonists permits adequate/normal stepping (Olsson et al. 1995; Lindner et al. 1995) . Since dopamine agonists were not used to achieve normal weight shifting movements in the present study, the significantly shorter step length of the non-stressed runners compared to stressed runners may suggest that dopamine degeneration in the nigrostriatal pathway of non-stressed, exercised rats was not as severe as in stressed runners. In the cylinder test which analyses forelimb use for postural support (Schallert and Tillerson 2000; Tillerson et al. 2001 ) non-stressed runners did not show a preference for use of the unimpaired limb, further supporting the finding that voluntary exercise reduced the toxic effects of 6-OHDA infused into the medial forebrain bundle of non-stressed rats. Schallert and Tillerson (2000) suggested that the preference for the unimpaired limb may be due to the absence of recovery following injury or due to degeneration continuing at a faster rate than ongoing plasticity resulting in a decreased ability to control movement in the impaired limb. In the present study, the mean dopamine neuron destruction in the substantia nigra of nonstressed runners was 51% which according to Schallert and Tillerson (2000) should have resulted in more frequent use of the unimpaired limb than the injured limb in the cylinder test. The present findings are in agreement with previous studies that have shown that exercise abolishes forelimb use asymmetries associated with unilateral infusion of 6-OHDA into the medial forebrain bundle (Tillerson et al. 2001 (Tillerson et al. , 2002 . The presence of asymmetry in the cylinder test in stressed runners suggests that the beneficial effects of exercise were not as prominent as in the non-stressed runners. High levels of circulating corticosterone have been shown to have an inhibitory effect on the release of neurotrophic factors (Smith 1996; Chao and McEwen 1994; Schaaf et al. 1998) . In a previous study we showed that there was no significant difference between basal corticosterone levels of the non-stressed and prenatally stressed rats (Mabandla et al. 2008) . Therefore in the present study, the greater dopamine neuron destruction in the substantia nigra of the lesioned hemisphere of prenatally stressed runners is unlikely to be due to high corticosterone levels inhibiting the expression of neurotrophic factors. However in some prenatal stress models, increases in circulating corticosterone are evident after exposure to an acute stressor (Lesage et al. 2002) and therefore corticosterone levels might be increased after stereotaxic surgery or due to isolation in cages with or without running wheels. Other studies have shown that neurotrophic factors such as brain-derived neurotrophic factor (BDNF) are decreased in offspring of rats that were prenatally stressed (Van den Hove et al. 2006) . Increased circulating corticosterone levels in the presence of decreased BDNF levels might result in greater destruction of dopamine neurons in the substantia nigra, as observed in the present study. Exercise has been shown to increase GDNF levels in rats treated with 6-OHDA (Cohen et al. 2003) . In the present study, exercise reduced the percentage loss of dopamine neurons in both stressed and non-stressed rats. These findings suggest that exercise provides neuroprotection in both stressed and nonstressed rats and that prenatally stressed rats are more susceptible to brain injury in adulthood than non-stressed rats.
When assessing the number of tyrosine hydroxylase positive cells in the substantia nigra of the lesioned hemispheres, the non-stressed runners, stressed runners and non-stressed non-runners fall within the range of non-severely lesioned rats (41-79% dopamine neuron destruction) whereas the stressed non-runners fell within the severely lesioned rat category (80-99% dopamine neuron destruction) as defined by Schallert and Tillerson (2000) .
Consistent with the suggestion that prenatal stress exacerbates the toxic effect of 6-OHDA, the actual number of completely stained tyrosine hydroxylase-positive cells observed in 60 μm sections of the left (lesioned) substantia nigra pars compacta of prenatally stressed non-runners was significantly lower than that of non-stressed non-runners. Voluntary exercise significantly increased dopamine cell survival in prenatally stressed runners, consistent with its beneficial effects. However, exercise also decreased the dopamine cell count in the right (non-lesioned) substantia nigra pars compacta of non-stressed runners suggesting that the reduction in asymmetry of behaviour may have been partly due to a compensatory decrease in tyrosine hydroxylase expression in the non-lesioned hemisphere. Interestingly, neural changes that resulted from prenatal stress appeared to prevent this compensatory adaptation from occurring. The dopamine cell count in the non-lesioned substantia nigra pars compacta of prenatally stressed runners was not significantly different from non-runners.
Prenatally stressed rats displayed anxiety-like behaviour in the open field (McFadyen- Leussis et al. 2004 ), they travelled a shorter distance and entered the inner zone of the open field less frequently than non-stressed rats which is in agreement with results obtained with the mild stress model reported by Mabandla et al. (2008) . Exercise reduced the anxiety-like behaviour associated with open field exploration, exercised rats displayed increased locomotor activity and ventured into the more open inner zone of the open field more frequently than non-exercised rats. It must be noted, however, that most of the running done by the rats in the open field was along the wall of the open field. Therefore the absence of anxiety-like behaviour in the stressed runners might be due to adaptation to the exercise regimen rather than to the inhibition of the anxiety-like behaviour associated with prenatal stress. The severity of the lesion in the stressed non-runners (>80%) could mean that the rats were less inclined to explore the open field due to locomotor activity deficits rather than anxiety-like behaviour. It must be noted that the rats were tested in their dark cycle as Sprague Dawley rats tend to be inactive during the light cycle (Schallert 2006) .
The present results confirm and extend a previous study where female Sprague Dawley rats were subjected to postnatal maternal separation which exacerbated the toxic effect of 6-OHDA unilaterally infused into the left striatum at a younger age of 35 days (Pienaar et al. 2008) . The effect of 6-OHDA on behavioural asymmetry and dopamine neuron survival was not as marked as in the female rat study. This difference may be due to sex differences in vulnerability of dopamine neurons to 6-OHDA (Pienaar et al. 2007 ). Compared to males, female rats appeared to be relatively protected from the neurotoxic effects of 6-OHDA possibly due to circulating hormones affecting neurotrophic factors in the brain, specifically nerve growth factor levels were found to be higher in 6-OHDA treated females than males.
Conclusion
By using small doses of 6-OHDA, we were able to create dopamine neuron destruction more representative of early Parkinson's disease (Truong et al. 2006) . This made it possible to unmask the beneficial effects of exercise in non-stressed rats. In a prenatal stress rat model, injecting a small dose of 6-OHDA resulted in a lesion more consistent with larger doses of 6-OHDA (Truong et al. 2006 ) with dopamine neuron destruction equivalent to the destruction seen when a higher dose of 6-OHDA was used (Mabandla et al. 2004; Howells et al. 2005) , thus implying that the prenatally stressed rats are more vulnerable to the toxic effects of 6-OHDA than non-stressed rats however with voluntary exercise, substantia nigra dopamine destruction and the asymmetrical behaviour associated with a Parkinsonian rat model can be reversed or cancelled. Therefore trauma to the substantia nigra might increase the susceptibility to developing Parkinson's disease in people or animals that were exposed to prenatal stress in utero.
